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Research Article 


Fine Particles (PM,;) in Residential Areas of Lucknow 
City and Factors Influencing the Concentration 


Urban populations are exposed to a high level of fine and ultrafine particles from 
motor vehicle emissions which affect human health. To assess the hourly variation of 
fine particle (PM,;) concentration and the influence of temperature and relative 
humidity (RH) on the ambient air of Lucknow city, monitoring of PM,; along with 
temperature and RH was carried out at two residential locations, namely Vikas Nagar 
and Alambagh, during November 2005. The 24 h mean PM); concentration at Alam- 
bagh was 131.74 ug/m? and showed an increase of 13.74%, which was significantly 
higher (p < 0.05) than the Vikas Nagar level. The 24 h mean PM25 on weekdays for 
both locations was found to be 142.74 g/m? (an increase of 66.23%) which was signifi- 
cantly higher (p < 0.01) than the weekend value, indicating that vehicular pollution is 
one of the important sources of PM,;. The mean PM); at night for all the monitoring 
days was 157.69 ug/m* and was significantly higher (p < 0.01) than the daytime con- 
centration (89.87 g/m’). Correlation and multiple regressions showed that the inde- 
pendent variables, i.e., time, temperature, and RH together accounted for 54%, 
whereas RH alone accounted for 53% of total variations of PM25, suggesting that RH is 
the best influencing variable to predict the PM,; concentration in the urban area of 
Lucknow city. The 24 h mean PM, for all the monitoring days was found to be higher 
than the NAAQS recommended by the US-EPA (65 g/m?) and can be considered to be 


an alarming indicator of adverse health effects for city dwellers. 
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1 Introduction 


Atmospheric particles play important roles in a wide range of fields, 
including epidemiological, visibility degradation, and global cli- 
mate change, owing to their optical properties. Epidemiological 
studies have indicated statistical associations between human 
health effects and ambient concentrations of particulate matter 
(PM), particularly of finer particles, which can penetrate into the 
lungs and are therefore more likely to increase the incidence of res- 
piratory and mutagenic diseases [1, 2, 3]. On the basis of epidemio- 
logical studies, [4, 5] reported that, an increase of 10 ug/m? PM; (as 
annual average) was associated with a relative risk for total mortal- 
ity of 1.14 and 1.07, respectively. It was also reported that both short 
and long term exposures to PMi) and PM; are associated with an 
increase in mortality, especially in case of elderly adults with cardi- 
opulmonary illness [6]. 

A variety of sources release fine particles into the atmosphere, 
including automobiles, heavy-duty trucks, wood burning, and food 
cooking. In general, the major source of fine particles in any urban 
area is automobile pollution. It is also released by tailpipe emission 
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or burning of gasoline or diesel and depends on the extent of fric- 
tion between the road and tires and the resuspension of street dust 
etc. PM,5 can also form in the atmosphere through chemical reac- 
tions that convert gaseous pollutants into a particle phase. The over- 
all concentration, composition and the particle size of suspended 
particulate matter at a given site are determined by factors such as 
the meteorological properties of the atmosphere, topographical 
influence, emission sources, and by particle parameters such as den- 
sity, shape and hygroscopy [7 - 11]. 

Historically, studies of atmospheric particulate matter have 
focused on annual and monthly average and seasonal trends in con- 
centrations and chemical compositions. Recently, however, there 
has been a recognition that observations of daily differences in pol- 
lutant concentrations can help to elucidate the impacts of various 
sources of emissions and photochemical transformations on atmos- 
pheric pollutant concentrations [12, 13]. In this paper, we have 
emphasized the hourly trend, which is not only directly related to 
human activity patterns but also removes the biasness of the con- 
ventional practice of averaging results over a month or a year, 
which obscures peak concentrations, the concentrations at which 
people are exposed to the maximum levels. From a health perspec- 
tive, and for mitigative purposes, it is necessary to know the peak 
concentration hours of the day. 

Keeping in view the above and the lack of literature data for PM25 
for this historic city, continuous 24 h monitoring was carried out at 
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two representative residential areas, namely Vikas Nagar and Alam- 
bagh (approx. 12 km apart) of Lucknow city to see the hourly as well 
as 24 h average concentration of PM,; at receptor level heights 
(approximately 2 m above the ground level). The selection of these 
two locations was based on our earlier study on PM,, at 10 different 
locations in the urban area of Lucknow city during the summer sea- 
son of 2005 [14]. The average concentration of PMio was found to be 
in the range of 107.6 to 214 ug/m* with the Vikas Nagar level at 
166.5 ug/m? and the Alambagh level at 140.3 ug/m*. The total aver- 
age concentration of 11 metals associated with PM, were found to 
be in the range of 169.57 to 423.98 ng/m* with Vikas Nagar being 
179.00 ng/m? and Alambagh was 253.79 ng/m? [14] whereas the 24h 
average concentration of PM); at Vikas Nagar and Alambagh were 
found to be 35.5 and 57.0 g/m’, respectively [15]. This study focused 
on the hourly variation of fine particles and influence of tempera- 
ture and relative humidity (RH) on the concentration of fine par- 
ticles in ambient air. 


2 Materials and Methods 


Lucknow is the capital of Uttar Pradesh, situated in Northern India 
with a population of 2.245 million (2001 census), and lies between 
26° 52’ N latitude and 80° 5’ E longitude at 128 m above sea level. 
Vehicular traffic is one of the main sources of atmospheric particu- 
late matter in Lucknow city [14] like other cities in India [16, 17], 
and the total vehicular population was 0.749 million on March 31° 
2005, with growth rate of 10.38% over the previous year. 

The two residential locations selected, Vikas Nagar and Alam- 
bagh, are situated at trans (northern site) and cis (southern site) 
Gomti areas of the city, respectively. The Gomti river divides the city 
into cis and trans areas. The cis area is a mixed area consisting of 
commercial activities and residential areas whereas the trans area 
is mostly a residential area. The monitoring locations were selected 
on the basis of surrounding activities and an earlier study, and the 
monitoring instruments were placed at suitable representative pla- 
ces as per the Bureau of Indian Standard [18]. 

The major sources of air pollution at both locations are vehicular 
emission, mainly dominated by two wheelers, passenger cars and 
public transport (three wheeler and buses). The main road (public 
transport routes) of Vikas Nagar and Alambagh is 400 and 500 m 
away from the monitoring locations respectively. Comparatively, 
public transport as well as other traffic volume is higher in the 
Alambagh area than in Vikas Nagar. In our earlier separate study 
[19], we observed vehicular traffic numbers for 30 minutes during 
day and night times, and the result was 612 and 95 at Vikas Nagar, 
and 982 and 495 at Alambagh, respectively. During daytime, about 
80% vehicles were petrol driven whereas during night time about 
52% vehicles were diesel driven. During night hours, trucks and 
long distance buses are the main sources of pollution. There are no 
point emission sources of air pollutants in the nearby area and all of 
the major sources are mobile. 

A battery-operated analyzer, Haz-Dust Environmental Particulate 
Air Monitor model EPAM-5000, from Environmental Devices Corpo- 
ration, USA, was used. It is a real-time monitor of particulate matter 
with a high sensitivity (1 ug/m* to 2000 pg/m*) designed for ambient 
and indoor environments. The functional features are calibrated to 
NIOSH methods for lung damaging particles, filter sampling for 
gravimetric analysis, internal air sampling pump, auto purging sen- 
sor, inter changeable size selective samples inlets, measuring par- 
ticle size range 0.1 to 100 um, precision +3 ug/m?. 
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The analyzer is based on infrared light scattering detected by a 
photodetector. The scattering intensity is proportional to the aero- 
sol concentration. The infrared analyzer recorded the one-minute 
data with a flow rate of 4 L/min. Thus the hourly average values con- 
sisted of an average of 50-60 values per hour and the monitoring 
was carried out according to the user's guide [20]. 

The monitoring was conducted on the 10" (Thursday - day 10), 
13™ (Sunday - day 13), 16 (Wednesday - day 16) at Vikas Nagar 
and 6" (Sunday — day 6), 7" (Monday - day 7) and 19" (Saturday - 
day 19) at Alambagh, in November 2005 (post monsoon). During 
monitoring of PM25, two data points (every 30 minutes) per hour of 
temperature and RH was also recorded in ambient air with a port- 
able digital hygro thermometer manufactured by Chung Instru- 
ment Electronics, South Korea, for measurement of indoor and out- 
door temperature and humidity. The instrumental measuring 
range was -10 to +50°C with 0.1°C resolution for temperature, and 
10 to 99% with 1% resolution for humidity. The instrument is bat- 
tery operated with an LCD display. The two hourly data points of 
temperature and RH were also averaged. The hourly averaged data 
of PM, 5 (ug/m*), temperature (°C), and RH (%) of all the monitoring 
days were submitted for statistical analysis. 


2.1 Statistical Analysis 


Between days, 24 h mean of temperature, RH and PM,; were com- 
pared separately by one-way analysis of variance (ANOVA) and the 
significance of ANOVA was calculated with the Newman Keuls post 
hoc test. Comparison of the mean between locations, weekend and 
weekdays, and day and night were compared by Student's t test. Con- 
sidering PM,;as the dependent variable, and time, temperature and 
RH the independent variables, simple linear and multiple regres- 
sion analysis based on the method of least squares were calculated 
to determine the best predictor variable. In addition, simple correla- 
tion coefficients were also calculated between the investigated vari- 
ables. Before analyzing the data statistically, all the hourly data of 
investigated variables, including time, was transformed by logio 
transformation, which made the data more homogeneous. All the 
statistical analysis was done on the transformed data. Interpreta- 
tion and graphical representation was done on actual data, except 
regression, which is in logio. 


3 Results and Discussion 


3.1 Hourly Trend and Variations between Days 


Temperature (°C), relative humidity (%), and PM,; concentrations 
(ug/m?) of all the observed days are summarized in Tab. 1. Hourly 
variations of these three variables for all the days seem to be similar 
(Figs. 1, 2, and 3). As the day progresses, temperature increases from 
morning hours to mid day and after reaching a maximum at 
around 2 PM, decreases gradually until the next morning. RH and 
PM, follow the same trend but in an opposite direction vis a vis 
temperature. In other words, when the temperature increases, both 
RH and PM,; decrease and vice versa. This relationship indicates 
that RH and PM); are inversely proportional to temperature, 
whereas PM, ; is directly proportional to RH. The hourly concentra- 
tion of PM, ;is an S-shaped (sigmoidal) curve. 

The daily hourly variation for PM,; showed similar trends on all 
the monitoring days at both the locations, i.e., decline in the con- 
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Table 1. Summary statistics (n = 24) of temperature (°C), relative humidity (%) and PMz 5 (ug/m*) for all observed days. 


Statistic Vikas Nagar 


Alambagh 


Day 10 - Thursday Day 13 - Sunday 


Day 16 - Wednesday 


Day 6 - Sunday Day 7 - Monday Day 19-Saturday 


T RH PMs = T RH PMs = T RH PMs =T RH PMs = T RH PM2;  T RH PMis 
Mean+SD 24.28 56.85 183.37 24.14 55.22 75.85 22.88 5552+ 88.26 2594 51.25 95.89 25.72 52.40 125.24 21.15 60.90 174.09 
#4.20 29.43 256.86 25.36 +10.91 +1952 +494 11.80 4232.64 +284 429.59 +30.26 +2.83 +1052 +49.50 +5.31 +16.23 +77.38 
Cov(%) 17.31 16.59 31.01 22.19 19.75 25.74 21.60 21.25 36.98 10.96 18.71 31.56 11.02 20.08 39.53 25.13 26.65 44.45 
Min 16.10 41.00 89.20 15.10 39.60 35.80 15.10 37.80 31.10 21.60 35.40 51.70 21.10 36.20 51.30 13.80 38.40 51.80 
Max 29.30 71.80 250.60 31.80 70.80 115.00 30.50 72.10 152.60 30.10 65.20 151.80 29.90 67.00 205.90 30.20 82.40 291.30 
Range 13.20 30.80 161.40 16.70 31.20 79.20 15.40 34.30 121.50 8.50 29.80 100.10 880 30.80 154.60 16.40 44.00 239.50 
T =Temperature, RH = Relative humidity 
40 30075 
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Figure 1. Hourly variation in temperature (°C) during different days. 
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Figure 2. Hourly variations in RH (%) during different days. 


centrations towards noon and increase in the concentration in the 
afternoon hours. A similar trend was also observed by others [21, 
11]. This variation is probably due to a dilution process, as well as 
the thickening of urban boundary layers or a decrease in the atmos- 
pheric stability and increase in the vertical mixing height. Further- 
more, higher concentrations during the night hours is due to the 
concentration process caused by the thinning of the mixing layer 
[22, 23, 11]. 

On comparing 24 h means between days, the temperature of day 
19 significantly (p < 0.05) differed and was lower than that of days 6, 
7, 10, and 16, whereas no significant (p > 0.05) difference were 
observed in the case of RH, which remained more or less the same 
during the study period, and the mean PM, ; of day 6, 13, 16 and of 
10 and 19 also did not differ significantly (p > 0.05). The rest of the 
combinations for temperature and PM,; were found statistically to 
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Figure 3. Hourly variation in PM25 concentrations (ug m~-*) during differ- 
ent days. 


be the same (p > 0.05) and different (p < 0.05), respectively (see 
Tab. 2). 


3.2 Variations between Locations, Weekend & 
Weekdays, and Day & Night 


PM, data for locations, weekend and weekdays, and day and night 
are summarized in Tab. 3 and shown graphically by Figs. 4-6. PM25 
at Alambagh ranged by 240.00 pg/m? (51.30 - 291.30 pg/m*) with an 
average of 131.74 g/m’, and at Vikas Nagar ranged by 219.50 g/m? 
(31.10-250.60 g/m?) with an average of 115.83 pg/m*. The 24 h 
mean concentration of PM,; at Alambagh was found to be signifi- 
cantly higher, 13.74% (1.14 times) than at Vikas Nagar (p < 0.05). 

During weekdays, the PM,; concentration at both the locations 
ranged by 260.20 wg/m? (31.10- 291.30 pg/m*) with an average of 
142.74 ug/m? and at the weekend ranged by 116.00 pg/m? (35.80- 
151.80 g/m?) with an average of 85.87 g/m?. Mean PM,; on week- 
days showed an increase of 66.23% (1.66 times) and was found to be 
significantly higher (p < 0.01) than the weekend level. This result 
indicates vehicular emission is responsible for the higher concen- 
tration on weekdays. Normally in city areas, higher traffic volume is 
observed on weekdays. 

Similarly, during the night, PM,; ranged by 214.60 g/m? (76.70- 
291.30 wg/m*) with an average of 157.69 ug/m* and at daytime it 
ranged by 165.40 pg/m? (31.10- 196.50 wg/m?) with an average of 
89.87 ug/m*. Mean PM,5 during the night, showed an increase of 
75.46% (1.75 times) and was significantly higher (p < 0.01) than the 
daytime level. During the night, comparatively, the weather condi- 
tion remains calm with a low temperature and higher RH, which 
might be the cause of higher accumulation of fine particles in the 
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Table 2. Mean comparisons of temperature (°C), relative humidity (%) and PM2.5 (ug/m*) between days by the Newman Keuls test (DF = 138). 


Variables Day 10 vs. Day 13 vs. Day 16 vs. Day 6 vs Day 7 vs. 
Day13  Day16 Day6 Day7 Day19 Day16 Day6 Day7 Day19 Day6é Day7 Dayi19 Day7 Day19 D19 
Temp. ns ns ns ns . ns ns ns sy ns ns ns ns oie ba 
Rh ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
PM, 5 _ se _ we ae as ns we _ ns * - * - * 


ns = not significant (p > 0.05), * = significant (p < 0.05), * = significant (p < 0.01) 


Table 3. Summary statistics and mean difference of PM25 between locations, weekend and weekdays, and day and night by Student's étest. 


Statistic Locations Weekend and Weekdays Day and Night 
Vikas Nagar Alambagh Weekend Weekdays Day Night 
N 72 72 48 96 72 72 
Mean + SD 115.83 + 62.09 131.74 + 63.91 85.87 + 27.15 142.74 + 67.65 89.87 +40.45 157.69 + 64.03 
Cov (%) 53.61 48.52 31.62 47.39 45.01 40.60 
Min 31.10 51.30 35.80 31.10 31.10 76.70 
Max 250.60 291.30 151.80 291.30 196.50 291.30 
Range 219.50 240.00 116.00 260.20 165.40 214.60 
t (DF=142) 1.71° 5.19% 8.10" 


*= significant (p < 0.05), * = significant (p < 0.010) 


2505 


+ 


Mean + SD 


Vikas Nagar Alambagh 


Figure 4. Avarage variations in PM25 concentrations (ug m~°) at two resi- 
dential locations. 


2507 


Mean + SD (ug m”) 
2 


Weekend 


Weekdays 


Figure 5. Avarage variations in PM2s5 concentrations (ug m~%) during 
weekend and weekdays. 


atmosphere. The atmospheric parameters that mainly influence 
aerosol concentrations, size distributions, emission characteristics 
of the sources, temperature, RH, wind direction, wind speed, atmos- 
pheric stability and mixing heights which vary on time scales sub- 
stantially smaller than 24 h [24]. So it can be expected that the said 
meteorological factors are responsible for higher accumulation dur- 
ing night hours. 
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Figure 6. Avarage variations in PM25 concentrations (ug m~*) during day 
and night. 


During night hours, the low temperature caused low dispersive 
condition due to thermal inversion and accumulation of local emis- 
sions and the breakdown of the thermal inversion due to higher 
temperature during day time induced the dilution of the pollutants 
even though emission rate was constant or more [22, 25, 26]. 

Coefficient of variations (COV) indicates that Alambagh (48.52%) 
is more consistent than Vikas Nagar (53.61%), and weekdays 
(47.39%) are more variable than the weekend (31.62%), and night 
(40.60%) is more consistent than day (45.01%), indicating that Alam- 
bagh has more traffic than Vikas Nagar. 


3.3 Simple Linear Correlation 


Overall data (see Tab. 4) of temperature, RH, and PM,; consisted of 
144 hourly data points. Temperature ranged by 18.00°C (13.80- 
31.80°C) with an average of 24.02°C, RH ranged by 47.00% (35.40- 
82.40%) with an average of 55.36%, and PM25 ranged by 260.20 pg/ 
m? (31.10- 291.30 g/m’) with an average of 123.78 .g/m*. The mean 
ratios of RH and PM, ; to temperature are 2.30 and 5.15, respectively, 
whereas the ratio of RH and temperature and of PM2; and RH are 
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Table 4. Overall summary statistics (n = 144) of temperature (°C), relative 
humidity (%) and PM2 5 (ug/m%). 


Statistics Temperature Relative PM25 
Humidity 

Mean + SD 24.02 +4.61 55.36 + 11.86 123.78 + 63.29 

COV (%) 19.19 21.42 51.13 

Minimum 13.80 35.40 31.10 

Maximum 31.80 82.40 291.30 

Range 18.00 47.00 260.20 


Table 5. Correlation (n = 144, DF = 142) between time (hour), tempera- 
ture (°C), relative humidity (%), and PM2 5 (g/m). 


Variables Time Temperature Relative PM25 
Humidity 

Time 1.00 

Temperature -0.51™* 1.00 

Relative Humidity 0.54% -0.87™ 1.00 

PM, 5 0.44 -0.60™* 0.73" 1.00 


“ = significant (p < 0.01) 


2.30 and 2.24, respectively. The correlation coefficient between 
time, temperature, RH, and PM, ; are presented in Tab. 5. All the var- 
iables significantly correlate (p < 0.01) with each other and show a 
linear dependence on each other. Temperature shows a negative 
association with time whereas RH and PM); show a positive associa- 
tion, suggesting that as the day progresses and the temperature 
decreases, RH and PM); increase. The negative association of RH and 
PM, with temperature and the positive association of PM; with RH 
also suggest the same more statistically: RH is negatively associated 
with temperature and PM, ;is positively associated with the RH. 

The RH as well as the water content play an important role, as 
absorption of water by the particulate matter changes its dimen- 
sions, density and its optical properties [24]. At high RH values, an 
important portion of atmospheric aerosol mass is constituted by 


Table 6. Regression summary (n= 144). 
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condensed vapor and for values greater than 80% water could repre- 
sent half of the aerosol mass [27]. Water is an important constituent 
of PM and its presence depends on the chemical composition of the 
PM, especially the inorganic salts like ammonium sulfate and 
ammonium nitrate, which can absorb water [28, 29]. 


3.4 Simple Linear and Multiple Regression 


Linear dependence of PM,; on time, temperature and RH was inves- 
tigated by simple linear and multiple regression analysis, consider- 
ing PM, ; the dependent variable, and time, temperature and RH the 
independent variables. The regression summary of these independ- 
ent variables with the dependent variable is presented in Tab. 6. 
Four different combinations of independent variables were ana- 
lyzed to know the best predictor variable, which could predict the 
PM,;, the dependent variable, the best. Comparative results 
revealed that time, temperature, and RH together accounted for 
54% of total variations of PM,;, whereas RH alone accounted for 
53% (see Fig. 7). So for PM,; in Lucknow, RH is a better indicator 
than the other investigated variables. The best regression equation 
follows as: 


PM, 5 = -0.94 + 1.72 RH (1) 


The above best-fit regression equation also indicates that PM); 
concentration increases with an increase of RH, in other words, 
PM, sis directly proportional to RH. The 24 h average concentrations 
of PM,; during the pre monsoon season at the Vikas Nagar and 
Alambagh residential areas were recorded at 35.5 and 57.0 pg/m?, 
respectively [15]. These values are much lower than the current 
recorded values, which might also be due to the variation of mete- 
orological parameters, like temperature and RH, and also suggest 
seasonal variations. 

The study concludes that the concentrations of PM, in a city has 
a close relationship with its meteorological parameters, especially 
the RH. Within a city, the particulate matter concentration varies 


Predictors 95% Coefficients SE tstat pvalue Lower 95% Upper 95% 
(i) Independent variables — time (hour), temperature (°C), relative humidity (%) 

multiple R = 0.74, R* = 0.54, adjusted R? = 0.53, SE=0.15, F=54.87 

ntercept -1.83 0.84 2.18 0.03 -3.49 -0.17 
Time 0.08 0.08 1.06 0.29 -0.07 0.23 
Temperature 0.32 0.29 1.11 0.27 -0.25 0.89 
Relative humidity 1.92 0.28 6.89 0.00 1.37 2.47 
(ii) Independent variables - temperature (°C), relative humidity (%) 

multiple R= 0.73, R?= 0.54, adjusted R* = 0.53, SE=0.15, F= 81.68 

ntercept -1.81 0.84 2.15 0.03 -3.47 -0.15 
Temperature 0.31 0.29 1.08 0.28 -0.26 0.88 
Relative humidity 1.97 0.27 7.21 0.00 1.43 2.52 
(iii) Independent variable - temperature (°C) 

Multiple R = 0.60, R’= 0.37, adjusted R? = 0.36, SE=0.18, F= 81.90 

ntercept 4.08 0.23 18.02 0.00 3.64 4.53 
Relative humidity -1.49 0.16 9.05 0.00 -1.82 -1.17 
(iv) Independent variable - relative humidity (%) 

Multiple R = 0.73, R’= 0.53, adjusted R* = 0.53, SE=0.15, F=162.01 

ntercept -0.94 0.23 4.01 0.00 -1.40 - 0.48 
Relative humidity 1.72 0.13 12.73 0.00 1.45 1.98 
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Figure 7. Predicted concentrations of PM25 (ug m~%) by RH with 95% 
confidence limits for B. 


significantly between locations, during weekdays and weekend, 
and day and night, depending upon the meteorology and traffic vol- 
ume. Several reports in the literature have revealed that vehicular 
pollution is one of the major sources of fine particulates in any 
urban city, which is also applicable to Lucknow city. 

The recorded values clearly indicate that weekend values are com- 
paratively lower than the weekdays and it might be because of low 
traffic volume. Diurnal variation of PM,; concentration as well as 
the higher concentration during the night hours might be the 
result of prevailing meteorological parameters. Normally, calm, 
low ambient temperature and higher relative humidity, might be 
the cause of higher concentration. Further more, regression analy- 
sis showed that RH is a better and dependable indicator than the 
other investigated variables and PM,; concentration increases with 
the increase in the RH. 

There is no national air quality standard (NAAQS) for fine particu- 
late matter (PM, 5) in India. In this study, the recorded values were 
found to be much higher than the 24 h average value (65.0 g/m’) of 
NAAQS of the US-EPA standard [30]. The elevated concentration of 
fine particles is expected to cause serious health problems for 
human beings, especially for elderly people. A higher concentration 
during the early morning hours may have a serious impact on the 
fresh air breather. The data presented in this paper indicates that 
the alarming level of the fine particles may have a serious impact on 
public health in the long run but for a final conclusion more moni- 
toring data is needed, especially for the other seasons. 
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